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SUMMARY: The cuckoo wrasse, Labrus mixtus, is widely distributed in the moderate warm waters of the Atlantic Ocean, 
including the Mediterranean and Adriatic Seas. Generally, labrids are small inshore coastal species susceptible to anthropo-
genic habitat degradation and, although without commercial importance, they make up a significant part of the by-catch and 
discard. Also, these fishes are intensively caught in recreational and subsistence fisheries. Basic biological information is 
required for their stock assessment and conservation. Studies of the age, growth, reproduction and feeding of L. mixtus have 
not been undertaken previously in the Adriatic Sea. The observed maximum age of the cuckoo wrasse was 10 years, although 
most of the sampled fish were 7 years old. The estimated parameters of the von Bertalanffy growth model suggested that the 
growth of L. mixtus was relatively fast in the first four years of life. L. mixtus is a protogynous hermaphrodite and sex change 
occurred at 26 cm, while the greatest increase in gonadosomatic index in April confirmed spring as the spawning period. 
The cuckoo wrasse is an opportunistic predator, feeding primarily on crustaceans, gastropods and fishes. The information 
provided on biological indices is necessary for life history pathways and future conservation measures of this population in 
the Adriatic Sea.
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RESUMEN: El gallano, Labrus mixtus (Pisces: Labridae): índices biológicos para documentar la historia vital 
de la especie y contribuir a su conservación. – El gallano, Labrus mixtus, se halla ampliamente distribuido en las zo-
nas templadas del Océano Atlántico, incluyendo el Mediterráneo y el Mar Negro. En general, los lábridos son especies de 
pequeño tamaño que habitan en aguas costeras, siendo vulnerables a la degradación antrópica del hábitat y, a pesar de ser 
comercialmente poco importantes, forman una parte importante de los descartes de la pesca profesional. Estos peces también 
son intensamente capturados por la pesca recreativa o de subsistencia. Se requiere, pues, una información biológica básica 
para conocer el estado de los stocks y asegurar su conservación. Los estudios sobre la edad, el crecimiento, la reproducción 
y la alimentación de L. mixtus no se han realizado hasta ahora en el Adriático. La edad máxima observada en esta especie ha 
sido de 10 años, si bien la mayoría de los peces capturados se situaba en los 7 años. Los parámetros estimados a partir de la 
ecuación de crecimiento de Von Bertalanffy sugieren que el crecimiento de L. mixtus es rápido durante los primeros años de 
vida. L. mixtus es una especie hermafrodita proterogínica y el cambio de sexo se produce a los 26 cm de longitud, mientras 
que el gran incremento del índice gonadosomático en el mes de abril confirma que el periodo de reproducción se produce 
durante la primavera. El gallano es un depredador oportunista que se alimenta preferentemente de crustáceos, gasterópodos 
y peces. La información que se da en este artículo sobre los índices biológicos es necesaria para conocer las características 
vitales de esta especie y para adoptar futuras medidas de conservación de su población en el Adriático.
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INTRODUCTION
The family Labridae (wrasses) contains 18 species 
native to the Adriatic Sea. In terms of their habitat, 
Mediterranean wrasses are generally fairly shallow-
water, demersal, inshore coastal species, generally sed-
entary in macroalga-dominated rocky reef habitats, but 
some also occur in seagrass beds (Bell and Harmelin-
Vivien 1982) and in coastal lagoons, and a few extend 
to deeper-water coralligenous habitats. Primarily due 
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to their small size, they are generally not heavily tar-
geted. But they are intensively caught in recreational 
fisheries and they make up a significant percentage 
in the by-catch and discard of local artisanal and sub-
sistence fisheries (Cetinić et al. 2011, Tzanatos et al. 
2007). Such fisheries involve large numbers of people 
and consequently high levels of fishing effort (Cowx 
2002, Pitcher and Hollingworth 2002, Westera et al. 
2003). Without doubt, commercial and recreational 
fishing have similar demographic and ecological ef-
fects on fished populations, and they can have equally 
serious ecological and economic consequences (Cole-
man et al. 2004). In the Adriatic, as well as in the 
Mediterranean, recreational fishing has always been 
important, representing at present more than 10% of 
total fisheries production in the area (EU 2004). How-
ever, despite the importance, only a few studies have 
focused on the Mediterranean recreational fisheries. 
Scientists and fisheries experts are in full agreement 
that the actual number of people involved and the 
yields are still unknown and that a significant number 
of recreational anglers are not official license-holders. 
Members of the family Labridae mainly inhabit coastal 
habitats, and are therefore more sensitive to anthropo-
genic degradation and water pollution. However, ac-
cording to the Red List Criteria, most of them, as well 
as the species dealt with herein, are assessed as Least 
Concern. We can assume that the main reason is poor 
exploration of these species because of their economic 
irrelevance. Thus, all of them suffer from relatively 
poor fisheries and conservation management, though 
most are included in some form of marine protection in 
the region (Jardas et al. 2008).
The cuckoo wrasse, Labrus mixtus (Linnaeus 
1758), is found on rocky reefs covered by algae or in 
seagrass (Posidonia oceanica) meadows (Muus and 
Nielsen 1999), usually solitary or in pairs with young, 
at depths ranging from 15 to 40 m (Jardas 1996). It can 
also inhabit coralligenous bottoms at depths of 20-100 
m (Gomon and Forsyth 1990). It occurs in the whole 
Mediterranean, except the Black Sea, and in the eastern 
Atlantic from Norway to Senegal (Jardas 1996). It is a 
non-migratory fish, which can inhabit the same area 
during most of its lifetime (Gomon and Forsyth 1990). 
It is a protogynous hermaphrodite and the change of 
sex is completed within a period of about seven months 
(Quignard and Pras 1986). Cuckoo wrasse becomes 
mature in the second year of life, with a total length 
of around 16 cm, and spawns in April and May (Jar-
das 1996). The females have the ability to change sex 
when there are no males present in the area (Dipper 
and Pullin 1979). Females lay about 1000 eggs in a 
nest of algae guarded by the males (Muus and Nielsen 
1999). The literature suggests that it is an obligatory 
carnivorous feeder, preying mostly on crabs, followed 
by smaller fishes and molluscs (Quignard and Pras 
1986), and worms (Quignard and Pras 1986, Muus and 
Nielsen 1999). However, little is known about how the 
diet of L. mixtus is affected by size, sex or season. This 
species is of very little commercial value along the 
Croatian coast. In the landing statistics for the eastern 
Adriatic, catches for L. mixtus are estimated at 1 ton 
per year (Jardas 1996).
Although the biology and ecology of tropical labrids 
have been studied extensively, little is known about 
the biological indices of Mediterranean labrid species, 
particularly of L. mixtus. This species was previously 
known as Labrus bimaculatus Linnaeus, 1758. Consid-
ering the long use of this synonym in the past and the 
fact that the species is not well researched, determina-
tion of the current ecological and fishery status of the 
species may be further complicated. Somewhat more 
detailed literature is available on growth, reproductive 
behaviour and population distributions of other Medi-
terranean labrids (Warner and Lejeune 1985, Cardinale 
et al. 1998, Guidetti 2000, Pallaoro and Jardas 2003, 
Škeljo et al. 2012). It is very important to know life 
histories of small littoral fishes in coastal fisheries us-
ing an environmental and functional approach. Small, 
non-commercial but abundant littoral fish tend to play 
an important role in the functioning of ecosystems 
(Choat and Bellwood 1998, Nelson 1994, Wainwright 
and Bellwood 2002) and it is therefore extremely 
important to determine their life history parameters 
(Pauly et al. 2002), to consider their importance and 
to assess the possible threat to them of anthropogenic 
impacts through intensive artisanal fishing, climate 
change and pollution (Stagličić et al. 2011). There-
fore, the present study was conducted to obtain more 
information on biological indices of L. mixtus, to give 
a broader framework of the parameters required for the 
life history tools, and to establish the basis for fisher-
ies and conservation management in the Adriatic and 
Mediterranean. 
MATERIALS AND METHODS
A total of 197 individuals of Labrus mixtus were 
caught with angle, bottom long-line and trammel net in 
the eastern central Adriatic, Vis Archipelago (Fig. 1), 
from 30 to 65 m depths. Samples were taken monthly 
from April to December 2009 from subsistence fish-
erman landings. During the winter months, it was not 
possible to collect this species.
For each fish, the total length (TL) was measured 
(0.1 cm), the total body weight (W) was recorded (0.1 
g), and the sagittal otoliths were removed, cleaned and 
stored dry for further examination. Sex was determined 
by direct visual observation of the gonads’ appearance. 
Individuals with male and female gonads were classi-
fied as a transitional form (Moe 1969, Smith 1965). For 
the estimation of length at 50% maturity (L50), a per-
centage of the mature females and males by size class 
was used (Tsikliras et al. 2013). This ratio is fitted to a 
logistic equation calculated by the following formula: 
P=a/(1+(((a–b)/b)*(e–c*L))), where a, b and c are con-
stants (Saila et al. 1988). Statistica for Windows 8.0 
(StatSoft Inc. 2007) was used to calculate the predicted 
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values and the coefficients. The gonadosomatic index 
was calculated as GSI=(Wg/W)*100, where Wg is the 
gonad weight. For testing the sex ratio a simple chi-
square test was used. The size frequency distributions 
(1-cm length classes) between sexes are determined. 
All data were tested for normality and homogeneity of 
variances. 
The length-weight relationship was described by 
the equation W=aTLb (Ricker 1975). The variation 
in b value from 3 was tested by the one sample t-test. 
Analysis of covariance (ANCOVA) was used to test 
the differences in size-weight relationship between 
the sexes, considering fish length as a covariate. The 
condition factor was calculated from the equation: log 
W=b log TL+log a (Ricker 1975).
The age was determined by interpreting the growth 
rings on the otoliths. Otoliths were fastened to a slide 
and then sanded using 30-μ sand paper to facilitate 
the observation of the opaque and translucent zones. 
All otoliths were observed immersed in water against 
a black background using a stereo microscope at the 
20 magnification. Age was determined by counting 
growth rings on the posterior otolith region. All oto-
liths were read independently by three experienced 
researchers, with age being assigned when at least two 
of the readers were in agreement. The index of aver-
age percent error (Beamish and Fournier 1981) and 
the mean coefficient of variation (Chang 1982) were 
calculated to estimate the relative precision between 
readings. Low values of the indices indicated a good 
precision of age estimation.
The sample available for age and growth studies 
consisted of 87 individuals (93.1% readable otoliths). 
A ring mark was considered as the outer edge of the 
opaque zone. Opaque and translucent zones exhibited 
an alternating pattern. The total number of translucent 
zones was recorded in order to assign an estimated 
age to the specimens. The periodicity of opaque zone 
formation was examined by the edge-type analysis 
(Palazón-Fernandez et al. 2010). The marginal edge 
of each otolith was examined and classified as opaque 
or translucent and percentages of otoliths with opaque 
and translucent margins were plotted by month of 
capture in order to locate periodical trends in the zone 
formation. 
Length-at-age was described by the von Bertalanffy 
growth function (VBGF) TL=L∞ (1–e–k(t–t0)), where TL 
is total length-at-age t, L∞ is asymptotic length, k is 
the body growth coefficient and t0 is theoretical age at 
zero length (Beverton and Holt 1957). The von Berta-
lanffy growth parameters were estimated using a non-
linear least square procedure, through a Gauss-Newton 
algorithm. The multivariate Hotelling’s T2-test was 
used to compare growth parameters obtained for males 
and females. The Kolmogorov-Smirnov two-sample 
test was used to analyse both age and size frequency 
distributions of both sexes. The mean lengths of males 
and females in the same age classes were tested using a 
t-test. Prior to using the t-test, the data were tested for 
normality (Kolmogorov-Smirnov test of normality). 
Taylor’s (1960) equation (year when fish reach 95% 
of L∞) was used to calculate longevity from parameters 
obtained by the VBGF, A0.95=[2.9957/k]+t0, where 
A0.95 is the lifespan or age required to reach 95% of 
the final length (L∞), and t0 and k are von Bertalanffy 
growth parameters in term of confirming that obtained 
age from otolith reading are realistic.
In order to evaluate differences in food habits with 
respect to size, fish were separated into four size classes 
(<22, 22-25, 25-28, >28 cm). The complete digestive 
tubes were weighed (wet weight) and preserved in 4% 
formaldehyde for the examination of their contents. Af-
terwards, in the laboratory, gut contents were identified 
and the number of empty stomachs was shown as the 
vacuity index (%VI). Stomach contents were examined 
in the laboratory under a dissecting microscope using 
reflected light and each dietary item was identified to 
the lowest possible taxon. Level of identification de-
pended on the completeness of the food organism and 
its condition. 
The qualitative analysis of food structure is the 
overall list of determinable taxa (Table 1). Quantita-
tive analysis is presented using three standard indices: 
frequency of occurrence (%F), numerical percent-
age (%N) and gravimetric percentage (%W) (Hyslop 
1980). To get more precise results of diet we used 
the index of relative importance (%IRI) (Pinkas et al. 
1971). The statistical differences in the diet among 
fish sex, size and seasons were tested with a one-way 
analysis of similarity (ANOSIM). A similarity percent-
age analysis (SIMPER) was used to determine which 
prey groups were responsible for differences between 
Fig. 1. – The study area in the central Adriatic Sea with sampling 
locations around Vis Archipelago. 
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sex, size and season. Data were transformed to ln(x+l); 
the analysis is based on Bray-Curtis similarity, with 
999 permutations used. This analysis was performed 
with the PRIMER 5 multivariate statistical package (v. 
5.2.9; PRIMER-E Ltd) (Clarke and Warwick 2001).
RESULTS
A total of 197 individuals of Labrus mixtus were 
sampled, namely 107 females, 84 males and 6 transi-
tional individuals. The male-female ratio for all fish 
combined was 0.79:1.00 and is not statistically different 
from the expected 1:1 ratio (p>0.05). The fish ranged 
from 13.0 to 38.2 cm, with an average TL of 25.1 cm 
(±4.2 SD), and from 28.7 to 744 g, with an average W 
of 200.2 g (±112.9 SD). The length frequency distribu-
tion of the total sample, males and females, exhibited 
mode at 25, 26 and 21 cm, respectively (Fig. 2). Adult 
males ranged from 19.7 to 38.2 cm, with an average 
TL of 27.1 cm (±3.7 SD), while females ranged from 
13.0 to 34.0 cm, with an average TL of 23.4 cm (±4.0 
SD). Length of the 6 transitional individuals ranged 
from 25.5 to 27.3 cm, with an average TL of 26.2 cm 
(±0.6 SD). The size frequency distributions of males 
and females were significantly different (two-sample 
t-test, p<0.001).
The calculated length-weight equation for the 
whole sample was W=0.007TL3.116 (R2=0.885). This 
relationship for males was described by the parameters 
a=0.005 and b=3.252 (R2=0.890) and for females by 
the parameters a=0.009 and b=3.052 (R2=0.870). The 
variations in b values from 3 were statistically sig-
nificant for both males and females (t-test, p<0.001). 
Analysis of covariance revealed significant differences 
between sexes (ANCOVA; p<0.05) (Fig. 3). The rela-
tive condition factor ranged from 0.52 to 2.21 for both 
sexes. There were significant mean differences among 
seasons (one-way ANOVA, p<0.05), namely between 
summer and autumn (Tukey Test, p<0.05). However, 
condition factor was the lowest in spring (Fig. 4). All 
specimens above 28 cm TL were sexually mature. The 
smallest female with an ovary containing ripe eggs had 
a total length of 13.0 cm. The length of 50% maturity 
in females was estimated to be 15.23 cm, while all fe-
males were mature at 19 cm TL. In males, the length 
of 50% maturity was at 25.2 cm and all males were 
mature at 29 cm TL (Fig. 5). The gonadosomatic index 
varied from 0.03 to 4.18 and did not differ significantly 
among seasons (one-way ANOVA, p>0.05) (Fig. 4). 
The gonadosomatic index varied from 0.15 to 4.18 for 
females, and from 0.03 to 0.26 for males.
Otoliths of Labrus mixtus displayed well-defined 
alternating opaque and translucent zones under reflect-
ed light (Fig. 6). The index of average percent error of 
ring counts for each reader did not differ greatly, and 
was slightly higher for the first author (2.72) than for 
the second (2.36) and third (2.48). The precision of the 
age estimates (coefficient of variation) was 1.2. The 
formation of growth increments followed a seasonal 
pattern (Fig. 7). The opaque zones are completely 
formed in summer. The proportion of otoliths with 
opaque margins was the highest (>60%) in July, Au-
gust and September. The translucent zones were laid 
down mainly in autumn-winter period, and these data 
suggest that one opaque and one translucent zone are 
laid down per year. 
The age analysis revealed eight age classes and the 
presence of age groups 3-10. The oldest male of L. 
Table 1. – Labrus mixtus. Length-at-age data for cuckoo wrasse from the Adriatic Sea aged using otolith readings. Figures show the number 
of individuals classed by age within each length interval. N, total number of individuals; TL, total length; W, total weight.
Age (yr)
TL (cm) 3 4 5 6 7 8 9 10
16.6-17.5 2
17.6-18.5 2
18.6-19.5 2
19.6-20.5 2 2
20.6-21.5 3 2
21.6-22.5 3 1
22.6-23.5 1 9
23.6-24.5 2 5 2
24.6-25.5 1 5 2
25.6-26.5 4
26.6-27.5 2 3 1
27.6-28.5 5 1
28.6-29.5 2
29.6-30.5 3 4 2 1
30.6-31.5 1 1
31.6-32.5 1
32.6-33.5 1 1
33.6-34.5 1 1
Total (N) 9 12 16 9 19 9 5 2
% 11.1 14.8 19.7 11.1 23.5 11.1 6.2 2.5
Mean TL (cm) 19.2 21.3 23.4 25.4 27.5 30.3 31.7 31.8
SD TL 1.5 1.5 0.7 1.0 1.5 1.9 1.7 1.3
Mean W (g) 81.2 115.1 150.7 196.2 260.3 357.7 423.2 393.2
SD W 22.7 26.8 21.9 24.9 61.6 82.0 89.8 82.9
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mixtus was estimated to be 10 years old. Predominance 
of age classes 5+ and 7+ in the total catch (43.2% in-
dividuals) was observed. There was some overlapping 
of individuals with the same lengths, especially for the 
individuals with higher TL. The pooled length-at-age 
data for L. mixtus is given in Table 1. Females were 
more numerous in the age classes 3+-7+, representing 
from 13.6% to 20.5%. Males were the most numerous 
in 5+ and 7+ age classes represented by 24.3% and 27%, 
respectively, and their number declined in all the next 
classes. Age frequency distributions of L. mixtus are 
presented in Figure 8. The mean lengths at age of males 
and females showed that there were no significant dif-
ferences for any of the age classes (two-sample t-test, 
p=0.868). However, the age frequency distributions of 
males and females differed significantly (Kolmogorov-
Smirnov two-sample test, t=–2.37; p=0.02).
The von Bertalanffy growth function (VBGF) for 
sampled population had the following parameters: 
L∞=34.2 cm (SE=0.049), k=0.224yr–1 (SE=0.012) and 
t0=–0.438yr (SE=0.277) (R2=0.919). The non-linear 
least squares estimated parameters for the total sample, 
males and females are given in Table 2. Significant dif-
ference was found between the von Bertalanffy growth 
parameters of males and females, using a Hotelling’s 
T2-test (T2=45.89>T02=12.52), with males growing at 
a slightly higher rate than females. According to the 
von Bertalanffy growth equation, obtained longevity 
(A0.95) is estimated to 13 years. Furthermore, during 
the first four years of its life, growth of L. mixtus is 
intensive but afterwards its growth rate slows down 
considerably.
Fig. 2. – Frequency of females, males, transitional and total indi-
viduals within size classes of Labrus mixtus. 
Fig. 3. – Length-weight relationship of Labrus mixtus sampled in 
the central Adriatic.
Fig. 4. – Seasonal variation of the gonadosomatic index (GSI) and 
relative condition factor (CF) of Labrus mixtus from the Adriatic 
Sea.
Fig. 5. – Sexual maturity ogive for females and males of Labrus 
mixtus in the Adriatic Sea.
Fig. 6. – Sagittal otolith of the 8-year-old male Labrus mixtus, with 
30.0 cm TL (Adriatic Sea).
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Of the 87 stomachs analysed, 17 were totally or 
almost empty (%VI=19.5). The total lengths of the fish 
examined ranged from 17.1 to 34.2 cm. The proportion 
of empty stomachs did not vary significantly according 
to sex, size or season. However, increased numbers of 
empty stomachs in the smallest (%VI=28%) and the 
greatest (%VI=24%) size class, as well as in the spring 
period (%VI=29), was evident. 
The diet of L. mixtus consisted of at least 60 differ-
ent prey taxa belonging to 11 major groups (Crustacea, 
Gastropoda, Bivalvia, Scaphopoda, Pisces, Echino-
dermata, Polychaeta, Rotatoria, Bryozoa, Porifera 
and Algae). The relative importance of the different 
prey groups and taxa is given in the Table 3. Crus-
tacean have the highest index of relative importance 
(%IRI=68.0) and they are the most frequent prey group 
(%F=67.1), so they can be regarded as the preferred 
food. The dominant prey species among crustaceans 
were Munida rugosa (%IRI=3.5) and Scyllarus arctus 
(%IRI=2.4), found in 7.1% and 4.3% of stomachs, 
respectively. Gastropods (%IRI=14.2) occurred in 
32.9% of the analysed specimens, and the most numer-
ous species were Homalopoma sanguineum (F%=8.6) 
and Turitella turbona (%F=7.1). Pisces (%IRI=16.1) 
were found in 28.6% of stomachs, but they were in an 
advanced state of digestion and therefore could not be 
identified to the lower level. According to frequency of 
occurrence, gastropods and fishes can be considered as 
secondary food. All other prey groups are categorized 
as random food. Among them, the most commonly 
found preys are polychaetes (%F=8.6) and bivalves 
(%F=7.1). 
The relationship between size classes and mean 
prey weight reveals a high exponential correlation 
(R2=0.965) (Fig. 9A). The analysis of the mean num-
ber of prey per size class showed a power correlation 
(R2=0.724), with the highest values concentrated in the 
fishes with a TL between 25 and 28 cm (Fig. 9B). The 
dietary preferences among the sex and seasons did not 
differ statistically but the similarity percentage analysis 
of the food spectrum showed a slightly higher level of 
diversity in males and, according to season, in early 
summer (Fig. 10A, B). Due to the positive correla-
tion between the mean prey weight and the fish size, 
a significant difference among size classes was to be 
expected (R=0.056, p<0.05) (Fig. 10C). According to 
SIMPER analysis, higher diversity is determined in 
Fig. 7. – Annual variation pattern of the percentage of the opaque 
(OP) and translucent (TR) edges of Labrus mixtus otoliths sampled 
between April and December 2009.
Fig. 8. – Age distributions of females, males and the total sample of 
Labrus mixtus from the Adriatic Sea.
Table 2. – Growth parameters of all individuals, males and females, 
derived from the von Bertalanffy growth function of Labrus mixtus 
sampled in the eastern Adriatic Sea. All lengths are TL in cm ± SE.
Parameters All data Males Females
L∞ (cm) 34.20±0.049 34.20±0.457 33.90±0.271
k (per year) 0.224±0.012 0.234±0.020 0.225±0.017
t0 (year) –0.438±0.277 –0.237±0.491 –0.484±0.369
Fig. 9. – Relationship between Labrus mixtus size classes and (A) 
mean prey weight ± standard deviation; (B) mean number of prey 
items ± standard deviation.
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Table 3. – Labrus mixtus. Percent frequency of occurrence (%F), percent of total number (%N), percent of total weight (%W) and percent 
index of relative importance (%IRI) for food items. (+) indicates all values <0.1%.
Food items  F% N% W% IRI%
Crustacea 67.1 40.1 48.1 68.0
Decapoda Natania Non-identified Natania 2.9 1.4 1.7 0.4
Eucarida Galatheidae Galathea squamiffera 2.9 1.4 1.6 0.4
Galathea strigosa 1.4 0.7 0.5 0.1
Munida rugosa 7.1 3.4 8 3.5
Non-identified Galatheidae 1.4 0.7 1.3 0.1
Leucosiidae Ebalia nux 2.9 1.4 2.2 0.4
Ebalia tuberosa 2.9 1.4 0.9 0.3
Xanthidae Xantho granulicarpus 2.9 1.4 0.9 0.3
Monodaeus couchii 2.9 1.4 0.7 0.3
Non-identified Xanthidae 7.1 3.4 1.4 1.5
Portunidae Liocarniucus depurator 2.9 1.4 0.2 0.2
Liocarcinus corrugatus 1.4 0.7 0.2 0.1
Non-identified Portunidae 2.9 1.4 0.3 0.2
Paguridae Pagurus anachoretus 4.3 2 0.6 0.5
Paguristes eremita 1.4 0.7 0.1 +
Non-identified Paguridae 2.9 1.4 0.8 0.3
Atelecyclidae Atelecychus rotundatus 1.4 0.7 0.1 0.1
Scyllaridae Scyllarus arctus 4.3 2 10.5 2.4
Majidae Pisa nodipes 1.4 0.7 1.9 0.2
Non-identified Majidae 1.4 0.7 0.6 0.1
Parthenopeidae Non-identified Parthenopeidae 1.4 0.7 0.4 0.1
Amphipoda 1.4 0.7 7.1 0.5
Isopoda 1.4 0.7 0.3 0.1
Non-identified Crustacea 21.4 10.2 5.5 14.7
Gastropoda  32.9 28.6 9.1 14.2
Trochidae Calliostoma zizyphinum 1.4 0.7 0.3 0.1
Calliostoma granulatum 5.7 2.7 1.5 1.1
Clanculus corallinus 2.9 1.4 0.1 0.2
Jujubinus corallinus 4.3 2 0.4 0.5
Jujubinus exasperatus 4.3 2 0.3 0.4
Turbinidae Astraea rugosa 1.4 0.7 + +
Homalopoma sanguineum 8.6 4.1 1.1 1.9
Buccinidae Pisania leucozona 1.4 0.7 0.1 0
Muricidae Cerastoma erinaceum 1.4 0.7 0.2 0.1
Hadriania craticulata 2.9 1.4 0.5 0.2
Coralliophilidae Coralliophila sp. 1.4 0.7 0.1 +
Coralliophila meyendorffi 1.4 0.7 0.1 +
Turritellidae Turitella turbona 7.1 3.4 2.2 1.8
Turridae Comarmondia gracilis 1.4 0.7 + +
Raphitoma reticulata 1.4 0.7 0.5 0.1
Mitrolumna olivoidea 1.4 0.7 0.1 +
Rissoidae Turbona cimex 1.4 0.7 + +
Cerithiidae Bittium reticulatum 1.4 0.7 + +
Non-identified Gastropoda 8.6 4.1 1.4 2.0
Bivalvia 7.1 3.4 0.8 0.3
Limidae Lima hians 4.3 2 0.6 0.5
Pectinidae Palliolum incomparabile 1.4 0.7 0.1 +
Non-identified Bivalvia 1.4 0.7 0.2 0.1
Schaphopoda  1.4 0.7 + +
Non-identified Scaphopoda 1.4 0.7 + +
Pisces 28.6 13.6 35.3 16.1
Non-identified Pisces 28.6 13.6 35.3 61.0
Echinodermata  4.3 3.4 2.2 0.3
Ophiuroidea Ophiothrix fragiles 1.4 2 0.7 0.2
Echinoidea Parechinidae 1.4 0.7 0.7 0.1
Non-identified Echinodermata 1.4 0.7 0.8 0.1
Polychaeta 8.6 4.8 3.9 0.9
Aphroditae 7.1 3.4 3.2 2.0
Non-identified Polychaeta 2.9 1.4 0.8 0.3
Rotatoria 1.4 0.7 0.1 +
Colurella adriatica 1.4 0.7 0.1 +
Bryozoa 4.3 2.7 0.3 0.1
Myriopora truncata 1.4 0.7 + +
Micropora coriacea 1.4 0.7 + +
Non-identified Bryozoa 2.9 1.4 0.2 0.2
Porifera Spongidae 1.4 0.7 0.1 +
Non-identified Spongidae 1.4 0.7 0.1 +
Algae 2.9 1.4 0.1 +
Florideophyceae  Corallinaceae 1.4 0.7 0.1 +
Phaeophyceae  Halopteris filicina 1.4 0.7 + +
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the smallest (<22 cm) and the largest (>28 cm) size 
classes. Crustaceans, gastropods and fishes, as the 
most frequent prey groups, are responsible for dietary 
differences between size classes. Figure 11 summariz-
es %F, %N and %W for the principal prey categories. 
Crustaceans are predominant in both weight and num-
ber. Clearly, gastropods occur in larger number while 
fishes prevail in weight.
DISCUSSION
The cuckoo wrasse, Labrus mixtus, has no com-
mercial value and is not among the most common labrid 
species in the recreational and artisanal fisheries in the 
Adriatic and Mediterranean Sea, such as the Mediter-
ranean rainbow wrasse Coris julis (Škeljo et al. 2012). 
However, these fisheries in the Mediterranean and 
Adriatic coastal area are developing intensively (EU 
2004) and exert increasing pressure on fish populations 
(Morales-Nin et al. 2005, Cardona et al. 2007, Lloret et 
al. 2008). Therefore, more authors consider that they can 
significantly affect the populations of harvested species 
and should be taken into account in the management and 
conservation (Covx 2002 and papers therein). The num-
ber of recreational fishers is usually high, leading to high 
levels of fishing effort (Cowx 2002, Pitcher and Hol-
lingworth 2002, Westera et al. 2003), which for some 
species may be higher than in the commercial fisheries 
(Pollock 1980, Beal et al. 1998). 
The length range of sampled Labrus mixtus was 
13.0 to 38.2 cm and the maximum length of 40 cm 
was previously reported by Bauchot (1987). Although 
we were forced to use several different fishing tech-
niques in order to collect a representative sample, 
smaller specimens are missing because of fishing gear 
selectivity and the depth ranges inhabited by this spe-
cies (Dulčić et al. 2004). Specifically, the specimens 
captured by angling fishing tools are dominated by 
medium and large pieces, while the size of the hook 
prevented catch of the smallest individuals. Most of 
the sample was collected from the commercial tram-
mel nets, which have certain selectivity according to 
their mesh size. Also, specimens were not caught dur-
ing winter months because opportunities for fishing 
were rare due to bad weather, but it is possible that this 
species retreats deeper or completely reduces its activ-
ity during winter and therefore catchability decreases 
drastically. 
The results showed that Labrus mixtus is a pro-
togynous hermaphrodite, as previously determined by 
Dipper and Pullin (1979). Both females and males of 
L. mixtus have been captured in the Adriatic coastal 
waters at depths of around 30-65 m. Although females 
were numerous in the sample, they did not significantly 
dominate in the total sex ratio. Female predominance 
is characteristic for protogynous hermaphroditism be-
cause territorial males with their aggressive dominance 
limit production of other males (Sandovy and Shapiro 
1987). The evolution of sex change is explained by the 
model, which predicts that sex change will be more ef-
Fig. 10. – The diet composition of Labrus mixtus according to sex 
(A), season (B) and size (C) based on the index of relative impor-
tance (%IRI) of the major prey groups. N is the number of analysed 
stomachs per group.
Fig. 11. – The frequency of occurrence (%F), percent number (%N) 
and weight (%W) for the major prey groups in the diet of Labrus 
mixtus from the central Adriatic Sea: Cru, crustaceans; Gas, gastro-
pods; Pis, fishes; Oth, others.
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fective if the reproductive success increases with age or 
size at a higher rate in one sex than the other (Warner 
1975). While female reproductive success does not de-
pend so much on their size, larger males have signifi-
cantly higher reproductive success than smaller ones. 
Labrus mixtus as a female reaches sexual maturity at 
16 cm in length and 2 years of age (Jardas et al. 2008). 
The specimens below 16 cm in total length were females 
and accounted for 2.7% of the total number of females in 
the sample. The size at which L. mixtus begins to change 
sex is about 26 cm. It seems that sex change is always 
more closely related to size than age, as are maturity and 
fecundity (Jones 1980). Analysis of gonadosomatic in-
dex showed that L. mixtus spawn once a year in spring, 
with a peak in April. These findings are in agreement 
with previously published results (Quingard and Pras 
1986, Jardas et al. 2008). Sex change in labrids species 
is often accompanied by changes of body colouration, 
so they are sexually dichromatic (Coulson et al. 2009). 
Females prefer to mate with more intensely coloured 
males, as such colouration may indicate higher-quality 
males (Robertson 1972). As a consequence, sexual di-
chromatism will increase the reproductive success of 
larger males compared with smaller ones (Kazancioglu 
and Alonzo 2010). 
There is a lack of age data for the most species of 
the Labridae family, and in this study we decided to 
use otoliths, since they are the most frequently used 
hard part for fish ageing (Sparre and Venema 1992). 
Labrus mixtus otoliths exhibited a well-defined and 
consistent mark pattern consisting of one opaque and 
one translucent zone. The present results showed that 
growth zones in otoliths of L. mixtus are laid down 
annually, the opaque zone being generally deposited 
in summer, just after the observed spawning period, 
and the translucent zone in the autumn-winter period. 
In general, otoliths of L. mixtus were de termined to be 
valid structures for age and growth studies due to the 
great consistency among repeated age readings. How-
ever, a problem of the right growth zone recognition, 
especially in older individuals, occurred during age 
reading. The first hyaline ring, which occurs in the 
early autumn, coincides with time of settlement (Gor-
doa et al. 2000). It seems that its formation indicates 
biological or physiological changes in the individuals 
rather than seasonal changes in environmental factors. 
The same finding was recognized for L. mixtus in the 
Adriatic Sea, with the only difference in the prolonged 
deposition period for formation of both rings. Munday 
et al. (2004) reported the presence of a sex-specific 
growth effect of protogynous parrotfishes, in which 
otoliths of fast-growing individuals (males) are smaller 
than otoliths of slow-growing individuals (females). 
The sex-specific growth effect was most pronounced 
during the early life history, suggesting that only the 
fastest-growing females change sex to male (Munday 
et al. 2004). These results demonstrate that the rela-
tionship between otolith and somatic growth can vary 
dramatically between the sexes. This will make it 
difficult to back-calculate size at age in protogynous 
species, unless the precise relationship between otolith 
and somatic growth is known for each sex.
Population estimates for all specimens of L. mix-
tus from the Adriatic Sea gave results of L∞=34.2 cm, 
k=0.224 yr- and t0=–0.438 yr. The obtained asymptotic 
length is lower than the maximum length observed in 
sampled individuals. The first years of life are prob-
ably overestimated because smaller specimens are 
deficient as a result of fishing gear selectivity. Also, 
males grow at a slightly higher rate than females. This 
finding was also observed for protogynous parrotfishes 
(Munday et al. 2004). Unfortunately, no published data 
on growth of L. mixtus or close relatives were available 
for comparison. It seems that this species has relatively 
fast growth in first years before sex change and after 
that growth slows down. Although there were no sig-
nificant differences for any of the age classes in the 
mean lengths at age between sexes of L. mixtus, the age 
frequency distributions of males and females differed 
significantly. Choat et al. (1996) reported that pro-
togynous males of the family Scaridae dominated the 
older age classes and males were consistently larger 
than females for a given age class. Also, although both 
sexes exhibited positive allometric growth, the b was 
significantly higher for males, indicating that males 
grow faster in weight than females. A similar finding 
was reported by Mendes et al. (2004) for L. mixtus of 
the Portuguese west coast. Gordoa et al. (2000) found 
that a close relative species Labrus merula, also ex-
hibits positive allometric growth on the northwestern 
Mediterranean coast. However, population density, 
water temperature and the quantity of available food 
could undoubtedly affect growth of L. mixtus in both 
females and males. The oldest sampled L. mixtus speci-
mens were 10 year-old-males. We suppose that their 
life span could be around 15 years, which can be sup-
ported by the estimated longevity values of 13 years. 
Nevertheless, longevity is a theoretical value based on 
parameters obtained by VBGF and is very sensitive 
to the sample, so it may be far from the reality. Our 
VBGF estimates appear realistic values since the maxi-
mal total length for the L. mixtus in the Adriatic Sea is 
up to 40 cm (Jardas 1996). 
The Labridae family may be considered as mes-
ophagic carnivores (Bell and Harmelin-Vivien 1982) 
feeding on copepods, gammarid amphipods, decapods, 
ostracods and other crustaceans, as well as molluscs. 
Wrasse species are crusher feeders (Gerking 1994) 
with well-developed physical adjustments that include 
strong teeth in the jaws (for biting and rasping) and 
on the pharyngeal bones in the throat (for gripping and 
crushing), which allow them to break the hard shell 
invertebrates (Liem and Sanderson 1986). Labrus 
mixtus is an obligatory carnivorous feeder whose diet 
in the Adriatic Sea is primarily based on crustaceans 
and gastropods, but also on small fishes, polychaetes, 
bivalves and echinoderms. Crustaceans and gastropods 
combined represented 68.7% of the diet and occurred 
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in >70% of the fish. Taking further into account bi-
valves, echinoderms and bryozoans, the preference 
for hard-bodied prey is evident. This finding is also 
supported by the structure of the mouth and gut: L. 
mixtus, like other wrasses, has a pharyngeal jaw. The 
high proportion of unidentified hard-bodied prey (30% 
of the specimens) is probably related to their feeding 
behaviour, which involves ripping parts of prey bodies 
(Graham 1956), so they become impossible to identify. 
Although morphological characteristics can greatly 
influence prey selection, the most important factors are 
usually size and availability (Moyle and Cech 2000). 
Thus, most prey species are also common representa-
tives of Adriatic infralittoral and circumlittoral fauna 
that inhabit different types of bottoms, particularly de-
tritic ones. The aforementioned, together with the fact 
that no prey species is particularly dominant, indicates 
that feeding of L. mixtus is much more opportunistic 
than selective. 
A higher level of diversity in diet is noted for males, 
and also in early summer. Perhaps this can be explained 
by the fact that males, which are territorial during and 
after the spawning season, defend an area in which 
the spawning take place and the eggs are laid. These 
activities may affect the dietary preferences, so males 
become even more opportunistic and eat wider variety 
of food organisms within the restricted area (Šoljan 
1968). Similar observation was previously reported for 
close relative species Labrus merula (Dulčić 1999).
Feeding intensity can be explained with the vacuity 
index, with which it is negatively related to (Bowman 
and Bowman 1980). Spawning period seems to have 
an effect on feeding intensity. Feeding behaviour of 
most fish species varies considerably during the year 
as a consequence of physiological changes during re-
production. In our study the data indicate that L. mixtus 
feeds least intensively during spawning, as is shown by 
the higher %VI from April to June. Jardas and Pallaoro 
(1991) found that feeding intensity of Scropaena por-
cus showed markedly lower values during spawning. 
This is similar to the case of Chromis chromis (Dulčić 
1996) and Trachurus trachurus (Jardas et al. 2004) 
from the Adriatic Sea. 
In conclusion, more information about population 
structure and distribution of L. mixtus in the Mediterra-
nean and the Adriatic Sea is needed in order to improve 
the scientific knowledge about this species. Fisheries 
can negatively affect littoral fishes, especially ones 
showing a complicated reproductive strategy. This is 
exactly the case with sex-changing fish species, par-
ticularly the protogynous ones, such as L. mixtus and 
its close relatives L. merula and Labrus viridis, and 
the species with complex mating systems (e.g. some 
sparids, labrids and scorpaenids) (Lloret et al. 2012). 
Therefore, management of artisanal and recreational 
fishing requires stronger enforcement of existing regu-
latory measures and/or additional regulations such as 
the restricted and closed areas. Thus, new management 
actions need to be urgently implemented in the coastal 
area where those fisheries are allowed to operate, tak-
ing care not only of target species but also of by-catch 
and discard in order to protect these littoral Mediter-
ranean fish species.
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